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Abstract 
The ionic liquid 1-butyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide [BMim][NTf2] was tested as solvent 
for the separation of benzene from a hexane + benzene mixture. The solvent ability was evaluated in terms of solute 
distribution ratio and selectivity. The extraction process was carried out in a laboratory-scale using a glass packed 
column and it was also simulated using conventional software. 
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1. Introduction 
Aromatic compounds are mainly obtained from nafta where they are mixed with nonaromatic 
hydrocarbons. Conventional distillation is not suitable because these compounds have very close boiling 
points and several combinations form azeotropes. Industrially, the separation process used is liquid-liquid 
extraction using sulfolane, poly ethylene glycols, tetraethylene glycol or N-methylpirrolidine as solvents. 
These processes are highly optimized but the used solvents are toxic and harmful to the environment. 
Ionic liquids are salts composed by an organic cation and an organic or inorganic anion. For the last 
years they have received great attention as green solvents because of their high thermal stability and 
negligible vapor pressure at moderate temperature and pressure, and they can be considered as an 
alternative for conventional solvents in liquid-liquid extraction processes. 
Among the possible ionic liquids, the most used cations are the 1-alkyl-3-methylimidazolium and 
regarding the anions, the use of the bis(trifluoromethylsulfonyl)imide anion has gained importance due to 
its stability to moisture and air and its low viscosity. 
The objective of this work is to determine if the ionic liquid 1-butyl-3-methylimidazolium 
bis(trifluoromethylsulfonyl)imide [BMim][NTf2] is a good solvent for the separation of hexane and 
benzene by liquid-liquid extraction. With this aim, determination of liquid-liquid equilibria data, process 
simulation and countercurrent extraction in a glass packed column have been carried out. 
 
 
Nomenclature 
 
E extract stream 
Ug NRTL parameter  
R raffinate stream 
S selectivity  
S/F solvent/feed ratio 
w mass fraction 
x mole fraction 
D NRTL parameter 
β solute distribution ratio 
I aliphatic phase 
II ionic liquid phase 
1, 2 components 
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2. Liquid-liquid equilibria 
The experimental liquid-liquid equilibria data for the ternary system hexane + benzene + 
[BMim][NTf2] have been published previously [1], and from these experimental data, selectivity, S, and 
solute distribution ratio, E, have been calculated using the following equations: 
 
S = (x2II x1I)/(x2I x1II)         (1) 
 
E = x2II/x2I          (2) 
 
where x1I and x2I are the mole fraction of hexane and benzene, respectively in the aliphatic phase and 
x1II and x2II are the mole fraction in ionic liquid phase. 
Values of selectivity vary from 18.16 to 3.69 and solute distribution ratio varies from 1.72 to 0.87. 
Experimental data have been correlated using the NRTL thermodynamic model [2] obtaining the 
following parameters (kJ/mol) 'g12 = -0.774, 'g13 = 14.464, 'g23 = 32.288, 'g21 = -4.4164, 'g31 = 4.986, 
'g23 = -0.428, with Dij = 0.3. 
 
3. Laboratory-scale extraction process 
The liquid-liquid extraction of benzene has been carried out using a glass packed column (45 x 1116 
mm) filled with 8 mm glass Rasching rings. The packed height is 850 mm and the volume capacity of 
packed column is 1290 mL. All the extractions were carried out at ambient temperature and atmospheric 
pressure in a continuous countercurrent process. Feed and solvent streams were pumped to the bottom 
and the top of the column respectively. Extract and raffinate streams were taken out from the bottom and 
the top of the column and the stream compositions were determined by density measurement at 298.15 K 
using an Anton Paar DSA-48 densimeter. Since no ionic liquid was detected in the raffinate phase, no 
further purification is necessary in order to solvent recovery. Table 1 shows the mass fraction of hexane 
in the raffinate, the mass fraction of benzene in the extract and the percent of benzene extracted with 
different feed composition and solvent/feed ratios. As it can be seen in this table, the best results were 
obtained for the highest composition of benzene in the feed and S/F ratio. 
 
Table 1. Results obtained from the laboratory-scale extraction process 
S/F Feed 
(%) 
Hexane in R 
(w) 
Benzene in E 
(w) 
Benzene 
extracted (%) 
0.5 10 0.913 0.434 3.4 
 20 0.828 0.782 8.2 
 40 0.638 0.687 13.7 
1 10 0.922 0.499 9.9 
 20 0.843 0.779 21.9 
 40 0.689 0.654 25.2 
1.5 10 0.924 0.401 8.7 
 20 0.854 0.801 27.2 
 40 0.703 0.937 37.7 
2 10 0.929 0.514 18.2 
 20 0.872 0.767 32.0 
 40 0.749 0.929 47.5 
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4. Simulation results 
HYSYS program with the NRTL parameters obtained from experimental LLE was used to study the 
influence of the number of stages and solvent/ feed ratio in aromatic recovery. The operating conditions 
in the extraction column were 298.15 K and 101.3 kPa and the mass flow of the feed stream was 100 kg/h 
with a composition of 0.4 mass fraction of benzene. Figure 1 shows the flow sheet of the extraction 
process. The benzene + hexane and IL streams were fed at the bottom and at the top of the extraction 
column, respectively. According to experimental LLE data, no IL is present in the raffinate stream and no 
solvent recovery stage is necessary. Extract stream was collected from the bottom of the extraction 
column and fed into the flash unit to separate benzene and the IL was reused. Since the benzene and 
hexane boiling points are 353.15 and 342.15K, respectively, the complete recovery of IL was assumed.  
Table 2 shows the percent of benzene extracted depending on the number of stages and the S/F ratio.  
As it can be seen in the table more than 99% of benzene can be recovered with S/F = 3 and 5 
equilibrium stages. Increasing S/F or N the benzene recovery would be almost complete. 
Although the S/F is quite high, the recovery of the IL from the extract is easy due to its negligible 
vapor pressure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Flow sheet of the extraction process 
 
5. Conclusions 
According to the obtained results, the separation of benzene and hexane by liquid extraction using 
[BMim][NTF2] as solvent can be an alternative to the traditional process. 
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Table 2. Percent of benzene extracted, number of stages, N, and solvent- feed ratio,S/F. 
 
    N  
S/F 
1 2 3 4 5 6 7 
1 40.17 50.74 54.82 56.52 57.38 57.67 57.59 
2 59.51 76.83 85.34 90.24 93.34 95.42 96.83 
3 70.21 87.67 94.59 97.59 98.92 99.54 99.80 
4 76.91 92.64 97.56 99.19 99.73 99.92  
5 81.49 95.22 98.73 99.66 99.92   
6 84.76 96.69 99.27 99.85 99.96   
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